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Summary 
 
The article presents the methodology of the choice of the kinematic module industrial robot systems used in casting processes. The 
methodology makes possible of the accomplishment choice of the robot optimum configuration from point of view of the key process 
parameters, i.e. the volume of working space, the positioning accuracy, the working speed, energetics parameters, the surface area 
occupied by configured system, the service comforts and the construction complexity. 
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1. Introduction 
  
Modern  industrial  robots  are  very  universal.  They  were 
applied  with  success  in  so  different  areas,  such  as  welding, 
painting, assembling and casting. The effect of using in robots 
casting processes is increase of the production capacity, decrease 
the numbers of defective casts and decrease of the product costs 
through increase of capacity [1].  
The robots are used both in the casting process under pressure 
and  also  gravity  casting.  The  use  of  robots  in  most  cases  is 
applied to [2, 3, 4]: 
-  plotting on the surface of section phase of separate medium, 
-  pouring the pressure casting die, 
-  taking out of the caked casts from the pressure casting die, 
-  cooling of the casts through their submersion in the cooling 
reservoir, 
-  moving of the casts from cooling reservoir to the automatic 
position of trimming, 
-  placing steel piece inside the pressure casting die, 
-  the size control of the casts. 
The choice of the suitable kinematic robot system is one of 
the  most  important  problems  during  the  planning  of 
robotizationed position. This problem is still important currently, 
because specialized companies which deliver module elements to 
the  assembly  of  automated  manufacturing,  workshop  and 
supportive devices appeared on the market (e.g. Bosch Rexroth 
Gmbh). The module systems usually allow to the setting up of 
several systems, solving the definite task [5]. From point of view 
systems  capacity,  the  quality  executed  works  and  installation 
labour consumption, such systems are not equivalent. In order to 
provide the optimum system to the executing task, the algorithm 
was worked out, enabling the comparison of the robot systems.  
  
 
2.  The  algorithm  of  the  choice  of  the 
kinematic module robot system 
 
Algorithm makes possible the comparison of systems on the 
basis of the parameters which have the largest influence on the 
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of  working  space,  precision  of  positioning,  the  working  speed, 
energetic  parameters,  the  surface  area  occupied  by  configured 
system, service comfort and complexity of construction (Fig. 1). 
 
  
One should attribute weight coefficient taking into account its 
influence on the choice of the final robot configuration to every of 
analyzed  parameters.  The  coefficients  which  have  the  largest 
influence on the course of the process realization should attribute 
the  value  1,  while  remaining  value  from  the  range  0  to  1,  in 
dependence of the concrete productive conditions of the process 
realization. 
In  the  stage  1  of  algorithm,  from  system  collections,  we 
choose several ones which are the most suitable to the operation 
realization. The analysis of the working space volume is made for 
chosen systems. One should accept following parameters in order 
to comparison of various configurations:  
-  the linear displacement of the kinematic pair S 
-  the angular displacement of the kinematic pair p / 2 
-  the length of elements l 
-  the length of the approval l / 3  
Accepted  conventional  values  of  parameters  make  possible 
estimation  of  the  working  space  volume  and  determine  of  the 
relative volume Vy, being the relation of the volume to the number 
of  kinematic  elements.  The  choice  (the  stage  3  of  showing 
algorithm) consists in the selection of structures having the largest 
unitary  volume  and  working  in  different  co-ordinate  systems 
(cylindrical, spherical, cartesian, angular) (Fig. 2). 
 
 
 
The  comparison  of  systems  from  the  point  of  view  of  the 
repeatability  of  positioning  occurs  in  the  stage  4.  For 
determination of general dependence describing the error of the 
 
 
 
 
 
 
 
   
a) 
b) 
c) 
d) 
e) 
Fig. 2. Kinematic robot structure: a) cartesian, b) cylindrical,            
c) spherical, d) scara, e) angular [1] 
 
Determination of the possible gathering to realizing 
the kinematic structures of the robot 
 
Determination of shape and volume of the working 
space systems 
 
 
The choice of system because of the volume 
 
 
Determination of the repeatability positioning error 
 
 
 
Determination of the maximum time of the cycle 
realization 
 
 
Determination of energetistic losses in the cycle 
 
Determination of the number of simultaneously 
placed generalized co-ordinate in other to the task 
realization 
Evaluation of the complexity construction of the 
kinematic robot pairs 
 
 
Determination of the surface area occupied by the 
system 
 
Choice of kinematic structure and system on the basis 
of determined coefficients 
 
Fig. 1. Algorithm of the kinematic robot system choice 
in the casting processes 
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repeatability of robot positioning, scalar value of the kinematic 
error robot (the length of the semi - axe ellipse) was treated as the 
vector  rk  inclined  under  the  angle  β  to  axis  x  of  accepted  co-
ordinate system (fig. 3)[6]. 
 
 
 
For N = 1, 4 . 
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where: δ – total robot error, rs - robot static error arose on the 
effect  loading  of  the  kinematic  robot  system  by  the  mass 
transferred part; rk - kinematic robot error; N - the quarter of the 
accepted coordinate system 
                                                           
For  the  determination  of  the  assembly  maximum  time,  we 
should accept that the speed on particular generalized co-ordinates 
is  the  constant  value.  Such  establishment  makes  possible 
estimation  of  necessary  time  of  the  process  realization  on  the 
basis following dependence: 
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where: Si - the total linear displacement in the cycle, φi- summary 
angular  displacement,  i S
o
  -  the  linear  speed  of  displacement,              
lmi- maximum distance from grab to rotatation axis. 
 
Evaluation  of  chosen  systems  for  loss  of  energy  reasons 
arising during displacement making is realized in the stage 6, on 
the basis of dependence: 
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In the stage 7 manufacturing process under the angle of the 
points quantity in the working space which are necessary to the 
correct process realization, supporting large precision of setting of 
the  robot  gripping  device  is  analysed.  Next  the  quantity  of 
simultaneously kinematic working pair which is necessary to the 
task  realization  is  determined.  Following  in  the  block  8,  the 
complexity of the kinematic pair construction joining the robot 
elements is compared. In that case loading the coefficient of the 
complexity degree construction Kp basing on the comparison of 
property and the rotatory building and progressive kinematic pair. 
Generally the coefficient of the whole complexity construction is 
the sum of the all rotatory and progressive pair coefficients in it 
occured [7, 8]: 
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where:   Kpp – the degree of the complexity progressive pair, Kpo – 
the degree of the complexity rotatory pair. 
 
In the stages 9 and 10 the evaluation is subject to the surface 
occupied by the system together with the necessary auxiliaries, 
and the comfort of the robot operating. Finally in the block 11 
takes place the choice of the kinematic robot structure, the most 
suitable to the realization of the assembly process of the machine 
parts cylindrical connections. The choice takes place based on the 
value of the comparison coefficient system Kp and the system j: 
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where Kk - the meaning coefficient of k evaluation parameter. P1i, 
P2i, P3i - first, second, k parameter i of robot, P1j, P2j, P3j- first, 
second, k parameter j of robot. 
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Fig. 3. Scheme of error structure of repeatability of the robot 
positioning. 
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With the aid of the Kpij coefficient all analyzed systems are 
compared. We select the most suitable from among systems on 
the basis analyzed criteria to the realization of the set operation, in 
accordance  with  the  principle:  if  Kpij  >  1  the  more  suitable 
structure have robot  
 
 
3. Conclusions 
 
Maximum  using  of  automatic  equipment  is  required  in 
manufacturing  process  what  allow  increase  of  the  efficiency 
process  and  decrease  of  the  product  costs.  That  is  why  the 
determination is necessary already in the stage of the kinematic 
position projecting system of the applied industrial robot. On the 
basis  of  showed  algorithm,  the  analyze  was  conducted  with 
following results: 
·  the best way into plotting on the surface of section phase of 
separate medium is the kinematic angular robot structure the 
with six degrees of freedom, 
·  the  best  way  into pouring  the  pressure  casting  die  is  robot 
working in the spherical co-ordinate system, 
·  the best way into taking out of the casts from the pressure 
casting die and dipping their in the reservoir with the coolant 
is angular co-ordinate system, 
·  in  case  when  the  large  difference  exists  between  the  form 
position and cooling reservoir the spherical structure with four 
degrees of freedom is better, 
·  the best way into casts moving from the cooling reservoir to 
the automatic position of trimming is using of robot working 
in cylindrical co-ordinate system, 
·  the  best  way  into  placing  steel  piece  inside  the  pressure 
casting  die  and  the  size  control  of  the  casts  is  kinematic 
angular robot structure (from attention on the required number 
of the degrees of freedom). 
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